Just before the coloring of loquat (Eriobotrya japonica Lindl.) fruits, each fruit on the tree was covered for 2 to 3 days with a polyethylene bag containing Ethylene Sieve, which evolved ethylene by moisture. Sugar content per fruit at this stage was less than 10% of that in the fully mature fruit. The content in the treated fruit increased more rapidly than that in the control. Ethylene sharply decreased the titratable acid content in the treated fruit, while that in control still increased or remained little changed. Activities of sorbitol-6-phosphate dehydrogenase and NADP-malic enzyme were enhanced during natural ripening of loquat. In the treated fruit, these enzyme activities bagan to rise earlier than in control. Change in rind color became already visible 2 to 3 days after covering the fruit, and chlorophyll content rapidly fell. The treated fruit reached maturity 4 to 11 days earlier than the control. The results were discussed in reference to ethylene effect on sugar accumulation in fruit tissues.
Introduction
Ethylene is known as a plant hormone which induces ripening of many types of fruit and have been extensively used in horticulture to hasten ripening and coloring ~of fruits .
As shown in the previous paper(13), loquat fruit exhibits unique ripening characteristics. About 2 weeks before the harvesting time, soluble sugar begins to accumulate and growth of flesh tissue accelerates, coinciding with seed browning and beginning of flesh coloring.
Just after the stage, the fruit shows a respiratory peak.
This stage was, therefore, named as a turning point. Since ethylene was found to be produced at this stage, it was assumed to be a trigger of the ripening.
This characteristic of ripening is similar to that of fig fruit(17, 18) .
The present paper reports the effect of ethylene applied just before the turning point 1 Received for publication March 23 , 1982. Contribution B-81, Fruit Tree Research Station 159 of loquat fruit on its ripening and sugar accumulation.
Materials and Methods
Mature trees of 5 cultivars ('Tanaka', 'Toi' , 'Mogi', 'Mizuho', and 'Kusunoki') of loquat(Eriobotrya japonica Lindl.) grown in the orchard of the research station were used. Each fruit on the tree was covered with a polyethylene bag(80 x 150 mm, 0.03 mm in thickness) containing 25 to 30 mg of Ethylene Sieve just before the turning point of loquat fruit in 1981.
Then the bag was sealed tightly with viscous tape. Ethylene Sive(Union Showa Co., Ltd.) is granular molecular sieve adsorbed ethylene. The amount of the sieve enclosed in a bag was capable of evolving 17 to 26 ul of gaseous ethylene by moisture. The bag was removed 2 to 3 days after the covering. Control fruit of 'Kusunoki' was covered with a polyethylene bag only, or those of the other cultivars were not covered. Fruit of 'Kusunoki' were harvested at intervals of 4 days. In the case of other cultivars, the fruits were harvested three times; i. e., the first harvest was on the day of the covering, the second was at the ripening stage of the treated fruit judged from the external appearance, and the third was at the natural ripening time. From each harvest, 9 medium-sized, moderately colored fruits were chosen, and divided into 3 lots, each consisting of 3 fruits. Data on sugar, acid and chlorophyll were expressed as means of the lots. buffer pH 8.0 and centrifuged at 8, 000 Xg for 10 min at 4'C.
The supernatant was passed through a column of Sephadex G-25 as described previously (12). Activities of NADP-malic enzyme (EC 1. 1. 1. 40), and sorbitol-6-phosphate dehydrogenase were determined as already described (11, 12).
Results
After 3 h of the covering, ethylene concentration of the atmosphere in the polyethylene bag was within the range from 4 to 800 ppm, in most cases higher than 100 ppm. While after 18h, it decreased to less than 8 plum.
The time of the treatment was arranged for just before the turning point, i. e. just before the color change. Seed coat was still white or only pale ocher at this stage. Soluble sugar content per fruit at this stage was less than 10% of that in the fully mature fruit (Fig.1) .
Thereafter, sugar content increased in both treated and untreated fruits. The increase in the treated fruit was more rapid than that in the untreated one. The content per fruit reached a value almost comparable to that of naturally ripe fruit about 4 to 11 days earlier.
The effect of ethylene to accelerate sugar accumulation was most pronounced in 'Tanaka', but less marked in 'Mizuho'.
While sugar concentration was somewhat higher in the treated fruit at the second harvest than in the control at the third harvest(refer to the Fig. 1 ). It may be due to the dilution effect, because ethyleneinduced ripe fruit was smaller than naturally ripe one(data not shown). Reducing sugar accounted for 75 to 90% of total soluble .Sugar at the beginning of ethylene treatment. The percentage decreased during subsequent ripening, and became 40 to 50% in naturally ripe fruit, and further 1 to 5% lower in ethylene-induced ripe one. After the treatment, titratable acid decreased rapidly in the treated fruit, while it remained almost unchanged or still increased in the control fruit (Fig.1) .
Rind color of the treated fruit changed more rapidly than that of control and the difference in color became visible within 2 to 3 days after covering the fruit. Decrease in chlorophyll content in the treated fruit became conspicuous 4 days after the covering, while the content in the control fruit was still unchanged at this period (Fig.2) .
Judging from "L", "a", and "b" values of the color difference meter, the rind color of the treated fruit at the second harvest was almost comparable to that of the control fruit at the third harvest (Table 1) .
During natural ripening, activity of sorbitol-6-phosphate dehydrogenase became detectable and increased with the rise in the activity of NADP-malic enzyme.
The increase coincided with the rise in ethylene evolution (Fig. 3) . When the fruit were treated with ethylene, activities of these two enzymes began to increase much earlier than those in the control fruit (Fig.3) .
Discussion
It is known that ethylene induces sugar accumulation by triggering the breakdown of starch during ripening of detached fruits of banana, mango and kiwi(15, 19). However, sugar accumulation in loquat fruit during ripening is not the result of starch degradation.
Major part of the sugar may be transported from organs other than fruit(13). Therefore, exogenously applied ethylene may trigger the increase in sink activity of loquat fruit, or may change the distribution of transported sugar within fruit tissues, and thus, may result in accumulation of soluble sugar. Ethylene is already known to hasten many physiological changes during ripening. But its accelerating effect on sugar accumulation has scarecely been noted. Ripening of fig fruit was reported to be induced by ethylene application (17, 18) . This fruit accumulates sugar during ripening, but the reported starch breakdown cannot account for the accumulation (9). Therefore, fig may be another example for ethylene-induced net sugar accumulation.
When applied to immature fruit, ethephon increased soluble Effect of ethylene treatment on the enzyme activities in 'Tanaka' fruit. Ethylene evolution was determined as described previously (13). The fruit was covered with a bag containing Ethylene Sieve on May 27, 1981 as indicated with an arrow. solid or sugar content in prune (20), apple (4, 5), and pear(14).
The chemical also advanced ripening of these fruits. In grapes, ethephon advanced maturation and sugar accumttlation(2, 6), but there is another study which shows no effect(23). The source of the increased sugar in these fruits has not been reported yet.
Organic acid in fruit tissue is assumed to be consumed by the enhanced respiratory activity during ripening.
The consumption was reported to be mediated by NADP-malic enzyme in apple fruit(16).
Activity of this enzyme was found to be enhanced during ripening of apple(16), cherry (7), and pear (3) fruits, but not in citrus fruit(10) and grape berry(8).
In loquat fruit, decrease in acid content coincided with an increase in activity of NADP-tnalic enzyme in both treated and untreated fruits. Moreover, respiratory peak in the treated fruit was observed earlier than that in the control fruit(data not shown). So, acid metabolism in loquat fruit during ripening may be the same as that in apple and pear.
Ethylene is known to accelerate coloring of fruit by stimulating chlorophyll degradation (1, 21, 22) . Chlorophyllase activity was reported to be enhanced by ethylene in citrus fruit (1, 22) . The observed color change represented as the changes in "L", "a" , and "b" values, and the decrease in chlorophyll content suggested that the changes in chlorophyll and carotenoid of the treated fruit were similar to those of the control. The results on the changes in sugar, acid, and chlorophyll contents, enzyme activities, and external appearance showed that the treated loquat was not qualitatively different in its ripening characteristics from the control one.
In fig fruit, too early application of ethylene resulted in failure of ripening (17), and the effective time of treatment for grape berry to advance ripening was restricted within narrow limits(6).
Effective period of the ethylene application may be limited also in loquat fruit.
The stage for the treatment was carefully arranged for just before the turning point of loquat fruit in AND RIPENING OF LOQUAT FRUIT 163 this study, but judgment of the stage was rather difficult in practice. Therefore, it is difficult to say whether the varietal difference in response to ethylene reported here came from the difference in varietal characteristic per se, or the difference in physiological stage between cultivars at the time of the treatment.
Further studies are required to know the most effective time of ethylene application.
Growth of the treated fruit exceeded that of control just after the treatment at least in the case of 'Kusunoki' and 'Tanaka'. At the ripening stage, ethylene-treated fruit was, however, somewhat smaller than the control fruit. Trees used in this study had been cold-injured last winter and mature fruit were smaller than the average harvest. Therefore, accurate discussion on ethylene effect on the fruit size and growth seems to be difficult from the present results. 
